Objective: Assessment of a cartilage cap occlusion of dehiscent superior semicircular canals via a transmastoid and tegmen mini-craniotomy approach surgical technique. Study Design: Retrospective case review. Setting: Tertiary referral center. Patients: Thirty-seven patients over a 2 year time period underwent cartilage cap occlusion of a dehiscent superior semicircular canal. Intervention: Therapeutic. Main Outcome Measure: Subjective improvement and/or resolution of dizziness postoperatively. Results: Of 37 patients, 29 (78%) felt much better and had resolution of their dizziness. Of 37 patients, 5 (14%) felt some definite improvement, although not complete resolution. Two patients (5%) felt their dizziness was neither better nor worse, and 1 patient (3%) felt dizziness was worse after surgery.
Diagnosis and treatment of a dehiscent superior semicircular canal have continued to evolve since its introduction as a distinct clinical entity by Minor et al. (1) in 1998. Its subsequent diagnosis rests primarily on presenting signs and symptoms and supported by objective physiologic tests and imaging. The cardinal features of this condition include vertigo or oscillopsia induced by loud sounds and/or pressure transmitted through the ear canal or through Valsalva maneuvers (1) . As this entity has become more frequently recognized by clinicians, patients also have described chronic imbalance, straininduced dizziness, pulsatile tinnitus, autophony, and conductive hyperacusis (2Y4). Objective supporting tests include audiometry (conductive hearing loss, paradoxical presence of stapedial reflexes), low-threshold vestibular evoked myogenic potential responses, and sound-and/or pressure-induced vertical-torsional nystagmus in the plane of the affected superior semicircular canal.
The diagnosis is also heavily dependent on highresolution computed tomography (CT), with reconstruction of images in the plane parallel and perpendicular to the superior semicircular canal. With appropriate CT parameters, CT has been found to have a positive predictive value of 93% and a negative predictive value of 100% (5) . Signs, symptoms, and test results are neither sensitive enough nor specific enough to make the diagnosis without CT demonstration of the dehiscence of the superior semicircular canal. A distinction should be made, however, between an anatomic dehiscent superior semicircular canal (a computed tomographic finding only) and a symptomatic dehiscent superior semicircular canal (a positive computed tomographic finding with accompanying signs, symptoms, and physiologic tests). It is not uncommon to have asymptomatic patients with an incidental finding of a dehiscent superior semicircular canal on CT.
Candidates for surgery are those with computed tomographic scans for a dehiscence, objective measures, and debilitating vestibular symptoms. There are three primary surgical approaches for the treatment of a dehiscent superior semicircular canal: middle fossa craniotomy. A standard middle fossa craniotomy for direct visualization of the dehiscence with either resurfacing or plugging of the dehiscence (1,4,6), a transmastoid labyrinthotomy for plugging of the dehiscence (7), or a combined transmastoid and tegmen mini-craniotomy adjacent to the superior semicircular canal (8, 9) . Various materials (temporalis fascia, bone wax, bone pate, calvarial bone, hydroxyapatite, silastic sheeting, cartilage) have been used to either resurface or plug the dehiscent superior semicircular canal, usually in a small series or case reports (7,8,10Y14) .
The purpose of this study was 2-fold. The first purpose was to describe the technique of using a cartilage cap placed over the dome of the superior semicircular canal to occlude the dehiscence by a combined transmastoid and tegmen mini-craniotomy approach. The second purpose of this study was to present data and outcomes, particularly improvement and resolution of dizziness, in patients who have had surgery via this technique.
MATERIALS AND METHODS
Between 2009 and 2010, 146 patients were diagnosed with a dehiscent superior semicircular canal. Within this group, 37 patients underwent surgery, with the placement of a cartilage cap over the dehiscent superior semicircular canal via a combined transmastoid and tegmen mini-craniotomy approach. The patients had a minimum of 3 months of follow-up for the assessment of resolution of vestibular symptoms. These 37 patients were included in this study. There were 26 women and 11 men. Their ages ranged from 35 to 93 years, with a mean age of 55.8 years. All surgeries were unilateral (including 10 patients who had evidence of bilateral superior semicircular canal dehiscence): 21 underwent surgery on the right side and 16 underwent surgery on the left. The mean duration of symptoms was 31 months before diagnosis. This study was approved by the institutional review board as exempt.
Preoperative Evaluation
All patients underwent routine history and physical examination, audiometry, and vestibular testing. Particular attention was paid to symptoms of chronic disequilibrium, Tullio phenomenon, pressure-related dizziness, autophony, hearing loss, and aural fullness. Audiometry included bone and air thresholds, acoustic reflex testing, tympanometry, and testing for Tullio phenomenon and Hennebert symptom. Standard vestibular test battery included oculomotor tests, videonystagmography, vestibular evoked myogenic potentials (cervical), rotary chair, and computerized dynamic posturography.
Vestibular Evoked Myogenic Potential
Vestibular evoked myogenic potential recording was conducted using the Smart EP system (Intelligent Hearing Systems, Miami, FL, USA) and followed a previously established clinical protocol by one of the authors (D.Z.).
Computed Tomographic Scan
Using a 64-slice computed tomographic scanner, patients underwent helical imaging of the temporal bone with 0.5 mm of collimation. Multiplanar reconstructions 0.8 mm in thickness at 0.2-mm intervals were then created perpendicular to the superior semicircular canal and parallel to the superior semicircular canal so that the entire dome of the canal was visible on a single slice.
Surgery Technique
The patient is given 1 g/kg of mannitol via intravenous infusion, completed at least 1 hour before induction of general anesthesia. Mannitol dosage in adults is 1.0 to 2.0 g/kg of 20% solution infused for 30 to 60 minutes, up to 50 to 200 g per 24 hours (15) . The time interval between completion of the infusion and the induction of general anesthesia is essential to enable the maximum diuretic effect and relaxation of the brain by the time the dura is reached, approximately 1.5 to 2 hours after completion of mannitol infusion. In addition, the general anesthetic is administered via an endotracheal tube to allow for hyperventilation with an end-tidal PCO 2 of 20 to 25 mm Hg. Either conchal cartilage or tragal cartilage is harvested, and the perichondrium removed from one side. A standard mastoidectomy is undertaken, with collection of bone dust set aside for later use. After positive identification of the superior semicircular canal, a small area of the tegmen lateral to the superior semicircular canal is removed to allow for elevation of the dura. The exact location and size of the tegmen removal depend on the location of the dehiscence, determined preoperatively (by CT; Fig. 1 ). Elevation of the dura is significantly facilitated by previous administration of mannitol and hyperventilation. Once the tegmen bone is removed, the dura is elevated with blunt instruments from lateral to medial such that the dura is elevated off of the dome of the superior semicircular canal to create a pocket for placement of the cartilage cap. The dehiscence is usually not directly visualized.
With the dura elevated over the dome of the superior semicircular canal, the previously harvested cartilage is placed, perichondrium side down, to provide a cap over the superior canal (Fig. 2) . The appropriate size of the cartilage cap is that which covers the dome of the superior semicircular canal. The cartilage is not typically used to cover the tegmen defect. The previously harvested bone dust is placed against the dura at the tegmen defect, supported by Gelfoam (Pharmacia & Upjohn Company, Kalamazoo, MI, USA) in the mastoid. To prevent bone dust from contacting the incus and extravasting into the middle ear, moist Gelfoam is placed in the antrum.
RESULTS
The chief complaint symptom was dizziness, primarily chronic imbalance, in 34 patients, aural fullness in 2 patients, and autophony and hearing loss in 1 patient. Secondary presenting symptoms included autophony (n = 20), fullness (n = 18), Tullio phenomenon (n = 9), and Hennebert/strain-induced dizziness (n = 8; Table 1 ). All patients who underwent surgery had dizziness, had at least 1 objective measure, and had evidence of a dehiscent superior semicircular canal in the computed tomographic scan.
Vestibular testing and audiograms were done preoperatively to clarify the likely cause of dizziness. Vestibular evoked myogenic potential thresholds were 90 dB or higher (n = 17), 85 dB (n = 10), 80 dB (n = 2), 75 dB (n = 4), and 70 dB or less (n = 2). Vestibular evoked myogenic potential thresholds were not recorded in 2 patients. Twelve patients (32%) had a conductive hearing loss or an air-bone gap if pure-tone thresholds were normal.
Postoperatively, 29 patients (78%) felt their dizziness was much better. In addition, 5 (14%) felt some improvement, 2 (5%) felt their dizziness was unimproved and the same as before surgery, and 1 (3%) patient felt the dizziness was worse after surgery (Table 2) . One patient had surgery primarily for autophony, which resolved postoperatively. Two patients had a sensorineural hearing loss postoperatively. Both of these patients had a large (Q5 mm) dehiscence. Postoperatively, 25 patients stayed overnight in the 23-hour unit, and 13 patients were discharged to home the same day as their surgery.
DISCUSSION
As the diagnostic criteria for a symptomatic, physiologic dehiscent superior semicircular canal have evolved since its original description, so has the surgical management. With increased awareness of this syndrome, clinicians are investigating symptoms of chronic disequilibrium, dizziness, autophony, pulsatile tinnitus, conductive hyperacusis, and aural fullness with high-resolution computed tomographic scans, audiometry, and vestibular testing. Between 2009 and 2010, 146 patients were diagnosed with a dehiscent superior semicircular canal, 50 of whom underwent surgery, with 37 having surgery by the cartilage cap occlusion technique via a transmastoid tegmen mini-craniotomy approach. Most patients with a dehiscent superior semicircular canal have minimal symptoms, which they find acceptable for daily living. Only those patients with debilitating symptoms, positive findings on computed tomographic scans, and positive results in audiovestibular testing are considered candidates for surgery.
The purpose of this study was to present data and outcomes, particularly improvement and resolution of dizziness, in patients who underwent surgery via a transmastoid and tegmen mini-craniotomy approach using cartilage as a cap over the dome of the superior semicircular canal. There are 2 issues involved with choosing this technique. The first issue is the approach. Most patients with a dehiscent superior semicircular canal have well-pneumatized mastoids. The mastoidectomy is a procedure that otologists are very comfortable with, particularly when the mastoid itself is normal. Landmarks should be easily recognizable, including the dense bone of the superior semicircular canal. It is not necessary to routinely blue line the superior semicircular canal for confirmation in most cases. Once the outline of the superior semicircular canal is visualized, the tegmen bone lateral to it is removed, exposing the dura. This technique minimizes intracranial dural elevation.
The second issue is the choice of cartilage (either conchal or tragal) as the repair material. Cartilage was chosen because it is flexible and conforms better than a bone graft to the undulations of the floor of the middle cranial fossa. Leaving the perichondrium on the side facing the arcuate eminence allows a seal around the dehiscence without having to plug it directly. In addition, when inserting the cartilage into the pocket, there is less chance of injury to the dura than would occur with a bone plug. Lastly, cartilage has been used for many years to repair defects in the floor of the middle cranial fossa, from both a transmastoid and middle fossa craniotomy approach (16Y19).
The transmastoid and tegmen mini-craniotomy cartilage cap technique was tolerated very well. Of the 37 patients who had surgery, 24 stayed only overnight in the 23-hour unit, and the other 13 were discharged home the same day as the surgery. None stayed longer than overnight, and almost universally, all ambulated well and consumed food well after the effects of general anesthesia had resolved. The typical surgery time, skin to skin, is approximately 90 minutes. The primary indication for surgery for a dehiscent superior semicircular canal is debilitating dizziness. The most common chief complaint, and symptom of dizziness, was that of chronic disequilibrium. Patients would often complain of a constant feeling of ''being on a rocking boat'' or ''having one drink too many.'' The results of this technique are favorable, with 29 (78%) of 37 patients feeling much better, that is, resolution of dizziness, and 5 (13%) of 37 patients feeling some better. Two patients (5%) felt their dizziness had not changed from their preoperative status, and 1 patient (3%) felt like his dizziness was worse than preoperatively.
Two patients experienced sensorineural hearing loss after surgery. One patient was congenitally deaf (no spoken language) but had a small amount of hearing in the involved ear. The surgery was completely uneventful. After surgery, she had complete resolution of her dizzy symptoms, but loss of her residual hearing. The second patient had approximately 20 years of multifactorial disequilibrium. This patient's surgery was uneventful. After surgery, his sensorineural levels dropped from normal to 40 to 75 dB bone thresholds, and he felt his dizziness was worse. The only unique feature of both of these patients is they had a relatively large dehiscence of 5 mm. It is not clear if this size dehiscence is better treated with a different surgical approach.
The primary weakness of this study is the inherent reliance on subjective assessment of dizziness. Objective vestibular testing does not always correlate with the patient's symptoms. Dizziness, vertigo, imbalance, and lightheadedness are symptoms that some patients find difficult to articulate and differentiate. Subsequently, assessing the outcome of intervention is likewise difficult. Also, it is not uncommon for patients to have multiple potential causes of dizziness and therefore difficult to attribute success or nonsuccess of the surgical intervention of one possible etiology.
Most patients identified with a symptomatic dehiscent superior semicircular canal have minimal attributable symptoms and feel their symptoms are tolerable. Not surprisingly, most of these patients have seen other physicians and have had an unrevealing prior workup. These patients tend to experience a sense of relief when a cause is found and often choose to ''live with it.'' For the others, the decision to proceed with surgery rests on the morbidity associated with surgery and the potential benefits and risks. Although the size of the defect was not recorded in most of these patients, it is notable that the 2 patients who had sensorineural hearing loss after surgery had a large dehiscence (5 mm). Meaningful data are lacking, but patients with a large dehiscence may be at increased risk for sensorineural hearing loss.
In conclusion, the cartilage cap technique via transmastoid and tegmen mini-craniotomy approach takes less than 2 hours, is an outpatient procedure, minimizes the risks associated with a standard middle fossa craniotomy, and avoids manipulation of the membranous labyrinth associated with direct plugging or labyrinthotomy plugging. With this technique, 78% of patients felt their dizziness was much better/resolved and 14% felt some definite improvement. It provides a good option for surgical management of a symptomatic dehiscent superior semicircular canal.
